Nuclear internalization of foreign DNA by zebrafish spermatozoa and its enhancement by electroporation.
Mature sperm cells of zebrafish (Danio rerio) incubated with foreign DNA have the capacity to take up foreign DNA. Such uptake can be enhanced by electroporation. Mature spermatozoa of zebrafish were incubated and electroporated in the presence of either radiolabeled or unlabeled plasmid DNA at voltages of 500 or 1,000 or 1,500 V/cm. From the percentage of radiolabeled plasmids retained on the spermatozoa, some sperm showed an ability to spontaneously take up the plasmid DNA, and the ability was enhanced one- to twofold by electroporation. Fertilization of mature eggs with the treated sperm resulted in transmission of the plasmid DNA to the resulting offspring. Frequency of transgenic individuals, as monitored by polymerase chain reaction, increased marginally, more than doubled and nearly doubled in 500 V/cm, 1,000 V/cm, and 1,500 V/cm electroporated groups, respectively, when compared to the non-electroporated group. These results indirectly implied that electroporation enhanced the capacity of spermatozoa to take up plasmid DNA. The increased field strength, however, had a deleterious effect on the motility of the sperm, causing clumping of sperms at high voltages. Light microscopic autoradiography of treated spermatozoa was able to show that the plasmid DNA was associated with the majority of sperm but was unable to differentiate whether it was present inside the nucleus or not. Ultrastructural in situ hybridization on thin sections of zebrafish spermatozoa, however, was able to show that the exogenous DNA was internalized into the nucleus and that electroporation enhanced this internalization. The results provide direct evidence for nuclear internalization of foreign DNA by non-mammalian sperm as in mammalian sperm.